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The title compound, C25H24O4, a methoxymethyl (MOM) bis- 
protected BINOL derivative containing a methyl substituent 
in position 3, is a key intermediate for the synthesis of a great 
variety of chiral auxiliaries. The planes of the naphthyl 
aromatic rings are at an angle of 70.74 (3)°. There are no 
conventional hydrogen bonds binding the molecules. 

Related literature 

For the synthesis and catalytic applications of 3 and 3,3'- 
substituted BINOL derivatives, see: Shi & Wang (2002); Cox et 
al. (1992); Lingenfelter et al. (1981); Carrilho et al. (2009); 
Abreu et al. (2010). For the synthesis of the title compound, 
see: Cox et al. (1992). 




Experimental 

Crystal data 

C25H24O4 
M, = 388.44 
Orthorhombic, Pl^Lfa 
a = 8.1928 (3) A 
b = 14.3757 (5) A 
c = 17.1839 (6) A 

Data collection 

Bruker APEXII diffractometer 
Absorption correction: multi-scan 
(SADABS; Sheldrick, 2003) 

r mi „ = 0.880, r mai = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.031 

wR(F 2 ) = 0.081 

S = 1.05 

2046 reflections 



V = 2023.87 (12) A J 
Z = 4 

Mo Ka radiation 
fi = 0.09 mm~' 
T = 293 K 

0.36 x 0.28 x 0.1 mm 



30280 measured reflections 
2046 independent reflections 
1790 reflections with / > 2o(I) 
R !n , = 0.050 



265 parameters 

H-atom parameters constrained 
Ap max = 0.09 e A" 3 
Ap min = -0.11 e A~ 3 



Data collection: APEX2 (Bruker-Nonius, 2004); cell refinement: 
SAINT (Bruker, 2003); data reduction: SAINT; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEPII (Johnson, 1976); software used to prepare material for 
publication: SHELXE97. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HG5065). 
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2,2'-Bis(methoxymethoxy)-3-methyl-l,l'-binaphthyl 

R. M. B. Carrilho, A. R. Abreu, M. M. Pereira and V. H. Rodrigues 

Comment 

The outcome of a given transition-metal catalyzed asymmetric transformation may depend on the steric and electronic prop- 
erties of a chiral ligand. It is known that the ligand must have the symmetry and appropriate functionalities to discriminate 
the available space in the vicinity of the metal centre. In this context, 2,2'-binaphthol (BINOL) derivatives have generated 
particular interest because their modified backbone can influence not only the steric environment around the metal center but 
also the electronic properties of the oxygen atoms. Therefore, the strategic placement of substituents into the BINOL scaffold 
may lead to improved catalysts. In the early 1980's, Cram and co-workers synthesized a series of 3,3'-disubstituted BINOLs 
via Mannich intermediates and, in two diaryl cases, through Grignard cross-coupling reaction of 3,3'-dibromo-BINOL di- 
methyl ether and arylmagnesium bromides (Lingenfelter et al, 1981). Later in the 1990's, Snieckus and co-workers de- 
scribed an efficient methodology to synthesize 3- and 3, 3 '-substituted l,l'-bi-2-naphthols through directed ort/zo-metalation 
and Suzuki cross-coupling reactions (Cox et al. ,1992). 

Within our ongoing project of synthesizing BINOL derivatives (Carrilho et al. 2009, Abreu et al, 2010), we obtained 
the title compound, C25H24O4, as a precursor of 3 -substituted binaphthyl-based phosphorus ligands. 

Single crystal X-ray diffraction shows that in the crystal structure of the title compound the planes of the naphthalene 
aromatic rings are at an angle of 70.74 (3)°. and that there are no conventional hydrogen bonds binding the molecules. 

Experimental 

The title compound was synthesized from BINOL according to a slightly modified two step procedure, based on those 
previously reported (Shi & Wang, 2002, Cox et al, 1992). First, under a nitrogen atmosphere, l,l'-binaphthol (6.0 g, 21 
mmol) was added to a suspension of NaH (3.4 g, 84 mmol) in anhydrous THF (60 ml) at 0°C, with stirring. This solution 
was stirred for 15 min, and then methoxymethyl chloride (4.0 ml, 53 mmol) was slowly added. The mixture was allowed 
to warm to room temperature and stirred for 5 h. After the standard procedures of quenching, washing and drying the 
organic layers, the solvent was removed and the compound 2,2'-bis(methoxymethoxy)-l,l'-binaphthyl was recrystallized 
from toluene/n-hexane. In the second step of the synthesis, under a nitrogen atmosphere, n-BuLi (1.6 Min hexene, 11.3 ml, 
18 mmol) was added to a solution of 2,2'-bis(methoxymethoxy)-l,l'-binaphthyl (5.5 g, 15 mmol) in anhydrous THF (90 
ml), at room temperature. The mixture was stirred for 4 h, which produced a grey suspension. After the mixture was cooled 
to 0°C, CH3I (1.2 ml, 1 9 mmol) was added. The reaction was allowed to warm to room temperature and stirred for 5 h. After 
quenching by a saturated solution of NH4CI (50 ml), the aqueous layer was extracted with ethyl acetate (2x 50 ml) and the 
organic layers were combined and dried over Na2S04. After removal of the solvent, the residue was purified by column 
chromatography on silica gel, using as eluent a mixture of n-hexane/ethyl acetate (10:1), which rendered the title compound 
(4.1 g, 70%). Crystals suitable for single -crystal X-ray diffraction were obtained after dissolution of the title compound (5 

mg ml" 1 ) in a mixture of n-hexane/ethyl acetate (10:1), and left open to air, at room temperature, for 36 h. The NMR data 
we obtained is in agreement with published values (Cox et al, 1992). 
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l U NMR (CDCI3, TMS, 400 MHz) 5 2.58 (s, 3H, CH 3 ), 2.89 (s, 3H, OCH 3 ), 3.16 (s, 3H, OCH 3 ), 4.55 (d, J=5.6 Hz, 1H, 
CH 2 ), 4.64 (d, J=5.6 Hz, 1H, CH 2 ), 5.01 (d, J=6.8 Hz, 1H, CH 2 ), 5.12 (d, J=7.2 Hz, 1H, CH 2 ), 7.12-7.36 (m, 6H, ArH), 

7.57 (d, J=8.8 Hz, 1H, ArH), 7.80 (d, J=8.8 Hz, 2H, ArH), 7.86 (d, J=8.0 Hz, 1H, ArH), 7.95 (d, J=9.2 Hz, 1H, ArH). 13 C 
NMR (CDCI3, TMS, 100 MHz) 5 17.9 (CH 3 ), 55.9 (OCH3), 56.5 (OCH3), 95.0 (OCH 2 ), 98.7 (OCH 2 ), 116.7, 121.2, 124.1, 
124.8, 125.1, 125.3, 125.7, 125.7, 126.6, 127.1, 127.8, 129.5, 129.7, 131.1, 131.6, 132.8, 134.1, 152.8, 153.1 (ArC). 



All H atoms were were placed at idealized positions and refined as riding [C — H=0.93 (aromatic C), 0.97A (CH 2 ) and 0.96A 



The refined model structure is non-centrosymmetric with only atoms which are poor anomalous scatterers for the 
wavelength used, therefore Friedel pairs were merged before the final refinement. The meaningless Flack parameter obtained 
without merging of Friedel pairs was -0.3 (11). Absolute structure could not be reliably determined. 



Refinement 



(CH 3 ), t/ iso (H)=1.2t/eq(C)]. 



Figures 




Fig. 1. ORTEPII (Johnson, 1976) plot of the title compound. Displacement ellipsoids are 
drawn at the 50% level. 



2,2'-Bis(methoxymethoxy)-3-methyl-1,1 '-binaphthyl 



Crystal data 



C25H24O4 



^(000) = 824 

D x = 1.275 MgnT 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 6636 reflections 

6 = 5.7-47.5° 

H = 0.09 mnT 1 
T=293K 



M,-= 388.44 



Orthorhombic, Fl\2\2\ 
Hall symbol: P 2ac 2ab 
a = 8.1928 (3) A 
b= 14.3757 (5) A 
c= 17.1839 (6) A 

V= 2023.87 (12) A 3 
Z=4 



Prismatic, translucent colourless 



0.36 x 0.28 x 0.1 mm 



Data collection 



Bruker APEXII 
diffractometer 



2046 independent reflections 



Radiation source: fine- focus sealed tube 



1790 reflections with I > 2o(I) 
R int = 0.050 



graphite 
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<p and co scans ©max = 25.0°, 0 m j n - 3.7° 

Absorption correction: multi-scan , _ _ q 
(SADABS; Sheldrick, 2003) 

r min = 0.880, r max = l.ooo * — 17— »17 

30280 measured reflections / = -20^19 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2o(F 2 )] = 0.031 
wR(F 2 ) = 0.081 
S= 1.05 

2046 reflections 
265 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[a 2 (F 0 2 ) + (0.0389P) 2 + 0.3304P] 
where P = {F 2 + 2F 2 )I3 
(A/o) max < 0.001 

Ap m ax = 0.09 e A~ 3 
Ap mi „ = -0.11eA- 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted it-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al ic-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, if- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




CI 


0.7073 (2) 


0.69011 (14) 


0.84338 (12) 


0.0369 (5) 


C2 


0.6711 (2) 


0.61570 (15) 


0.89082 (13) 


0.0405 (5) 


01 


0.73545 (19) 


0.52875 (10) 


0.87448 (9) 


0.0491 (4) 


Cll 


0.6355 (3) 


0.47209 (18) 


0.82486 (19) 


0.0677 (7) 


H11A 


0.5365 


0.4542 


0.8519 


0.081* 


HUB 


0.6053 


0.5066 


0.7786 


0.081* 


02 


0.7235 (3) 


0.39398 (12) 


0.80452 (14) 


0.0821 (6) 


C12 


0.8311 (5) 


0.4088 (2) 


0.7413 (2) 


0.0951 (11) 


H12A 


0.9070 


0.4572 


0.7544 


0.143* 


H12B 


0.7695 


0.4268 


0.6962 


0.143* 


H12C 


0.8896 


0.3524 


0.7305 


0.143* 


C3 


0.5780 (3) 


0.62609 (16) 


0.96027 (12) 


0.0443 (5) 


C13 


0.5472 (4) 


0.54406 (19) 


1.01259 (16) 


0.0659 (7) 
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Atomic displacement parameters (A ) 

jjU V 22 V 33 jjU jjU V 23 

CI 0.0289 (10) 0.0477 (11) 0.0339 (10) 0.0011 (9) -0.0006 (9) -0.0009(8) 

C2 0.0300 (10) 0.0492 (12) 0.0424 (11) 0.0032 (9) -0.0034 (9) 0.0026 (9) 

Ol 0.0449(8) 0.0436 (8) 0.0588(9) 0.0070 (7) -0.0041 (8) 0.0015 (7) 

Cll 0.0478 (14) 0.0565 (14) 0.099 (2) 0.0006 (12) 0.0053 (15) -0.0138 (15) 
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to 


U.U03Z (lo) 


A A/1 C-7 / 1 1 \ 

U.U4j / (13) 


U.U014 (14) 


— U.UUZ3 (1^) 


A AA 1 C (\ A\ 

— U.UUIj (14) 


A AAT Q /I 1\ 

U.UU3o (11) 


ty 


A A/1 C/T / 1 Q\ 

U.U4jO (13) 


A A/1 Q/1 / 1 ")\ 

U.U4V4 (1Z) 


A A/1/1 Q /1 "i\ 

U.U44o (1Z) 


A AA 1 A / 1 1 \ 

u.uuiy (ii) 


A AA/1 C /1 1 \ 

U.UU4J (11) 


A AA77 /A\ 

u.uuzz (y ) 


C1U 


A AT 1/1 / 1 A\ 

U.U3 14 (1U) 


A A/1 /1Q / 1 1\ 

U.U40o (11) 


a ni/:/: (\ a\ 
U.U300 (1U) 


A AAA7 /Q\ 

u.uuuz (y) 


A AA7A /Q\ 

u.uuzu (y ) 


A AAA7 /Q\ 

u.uuu / (y) 


L. 1 A 


U.U3jj (11) 


A A/1 1 1 ("1 A\ 

U.U413 (1U) 


A AT AT /1 1 \ 

U.U3y3 (11) 


— u.uui i (y ) 


U.UU33 (y ) 


A AA71 /A\ 

— u.uuz3 (y) 


K. Z A 


U.U34/ (^11) 


A ACTQ /I T\ 

U.UDZo (1Z) 


A A/1 ^7 /1 ")\ 

U.U4Z/ (1Z) 


A AAA/1 /1 r\\ 

U.UUU4 (1U) 


A AA 11 /im 
U.UU13 (1U) 


A AAC/; /'I A\ 

U.UU jO ( 1U) 


\J 1 A 


A AT/IT /Q\ 

U.U343 (5 J 


A AOTT /I T\ 

U.Uo /3 (1Z) 


A A/1 C7 /A\ 

U.U4j / yy) 


A AA07 /o\ 

U.UUo / (0) 


A AATC 

U.UU3J (/) 


A A1 1 A ZO\ 

U.U1 1U (0) 


1 a 

CI 1 A 


A AT')') /i a\ 

U.U33Z (13) 


U. 1 1 / (Z) 


A A/iC'l /1 7\ 

U.U0D3 (1 /) 


A AA7Q (\ c\ 

U.UU /o (l->) 


A AAQ7 (\ 1\ 

u.uuyz (13) 


A AAQI (\ ~l\ 

u.uuy3 (i /) 


m a 

UZA 


A A/C/ll / 1 7\ 

U.U043 (1Z) 


A 1 7A7 /I Q\ 

U. 1ZU / (1 o) 


U.UO /o ( 1Z) 


a A/i 70 /1 T\ 
U.U4Z5 (13) 


A AA 1 A / 1 1 \ 

u.uu iy (ii) 


A A1 A 1 /1 1\ 

U.U1U1 (13) 


C1ZA 


A AAC /T\ 

u.uyj (3 ) 


A 1 AA CY\ 

U. 1UV yj ) 


A AOI fj\ 

U.U53 (Z ) 


A AT 7 /7\ 

U.U3Z (Z) 


A AAT /7\ 

U.UU3 (Z ) 


A AA7 /'7\ 

U.UU3 \L) 


C3A 


A AT /C C /I ^\ 

U.U30D (1Z) 


U.U041 (14) 


A AC/1 1 /1 /1\ 

U.UD41 (14) 


A nn^ 7 /1 1 \ 
U.UU4Z (11) 


A AA Q/C /1 7\ 

U.UUoO (1Z) 


A AA77 /1 1 \ 

U.UU / / \ Y 1) 


rM a 


A ACAC (\ A\ 

U.UjUj (14) 


A ACT') / 1 T\ 

U.Uj3Z (13) 


A A/1 £C /i a\ 

U.U40J (13) 


A AA7/1 /1 1 \ 

U.UUZ4 (11) 


A A 1 C7 (\ 1 \ 

U.U 1 J / (1 1) 


A AA1 1 /^1 A\ 

U.UU33 (1U) 


C5A 


A A A A/C /I T\ 

U.U49o (13) 


A AT t> T / 1 A\ 

U.U383 (1U) 


A A /I 1 1 / 1 

U.U41Z (1Z) 


A AA n /1 C\\ 

-U.UU1Z (1U) 


A AA*7/C / 1 A\ 

U.UU /o (1U) 


A AA 1 C /A\ 

U.UU Id (y) 


C6A 


0.0668 (16) 


0.0452 (12) 


0.0394(11) 


0.0001 (12) 


0.0096 (12) 


0.0042 (9) 


C7A 


0.0724 (18) 


0.0548 (14) 


0.0405 (12) 


0.0009 (13) 


-0.0085 (13) 


0.0079 (10) 


C8A 


0.0502 (13) 


0.0586 (13) 


0.0508 (13) 


0.0054 (12) 


-0.0053 (12) 


0.0074(11) 


C9A 


0.0438(12) 


0.0550 (13) 


0.0422 (12) 


0.0019(11) 


0.0008 (10) 


0.0017(10) 


CI OA 


0.0411 (11) 


0.0384(10) 


0.0375 (11) 


-0.0014(9) 


0.0038 (9) 


0.0009 (8) 



Geometric parameters (A, °) 



CI— C2 


1.377 (3) 


C9— C10 


1.416(3) 


CI— C10 


1.422 (3) 


C9— H9 


0.9300 


CI— CIA 


1.493 (3) 


CIA— C2A 


1.379 (3) 


C2— Ol 


1.385 (2) 


CIA— CI OA 


1.433 (3) 


C2— C3 


1.424 (3) 


C2A — OlA 


1.376 (3) 


Ol— Cll 


1.435 (3) 


C2A — C3A 


1.405 (3) 


ci 1—02 


1.379 (3) 


OlA— C11A 


1.421 (3) 


Cll— H11A 


0.9700 


Cll A— 02 A 


1.384 (4) 


Cll— HUB 


0.9700 


Cll A— H11C 


0.9700 


02— C12 


1.415 (4) 


Cll A— HI ID 


0.9700 


C12— H12A 


0.9600 


02 A— C12A 


1.444 (4) 


C12— H12B 


0.9600 


C12A— HI 2D 


0.9600 


C12— H12C 


0.9600 


C12A— H12E 


0.9600 


C3— C4 


1.362 (3) 


C12A— H12F 


0.9600 


C3— C13 


1.504 (3) 


C3A — C4A 


1.361 (3) 


C13— H13A 


0.9600 


C3A— H3A 


0.9300 


C13— H13B 


0.9600 


C4A — C5A 


1.412 (3) 


C13— H13C 


0.9600 


C4A— H4A 


0.9300 


C4— C5 


1.402 (3) 


C5A — C6A 


1.414 (3) 


C4— H4 


0.9300 


C5A— CI OA 


1.415 (3) 


C5— C10 


1.419(3) 


C6A — C7A 


1.355 (4) 
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PC p/; 

CD — Co 


1 /i in n\ 
1.419 (3) 




1 is? /zn 


C6 — H6 


0.9300 


C7 — C8 


1 399 (4) 


C7 — H7 


0.9300 


C8 — C9 


1.360 (3) 


C8 — H8 


0.9300 


PQ ni pin 

CZ — CI — C1U 


i in m /io\ 

119.19 (18) 


PQ ni p i a 

CZ — C 1 — C 1 A 


1 in /i n ( 1 o\ 
1ZU.49 (18) 


pin n pi a 

C1U — CI — CIA 


1 in n Pi q\ 
1ZU.3Z (18) 


CI — Cz — Ol 


1 1 n ni /1 ca 
119.92 (18) 


P i po pi 

CI — CZ — C3 


111 nn /■ 1 n\ 
1ZZ.UU (19) 


p 1 p Q PQ 

Ol — Cz — C3 


11*7 ni p. o\ 

117.93 (18) 


PO p, 1 p| 1 

CZ — Ol — CI 1 


1 1 A C A /1 "7\ 

114.54 (1 /) 


/"H PI 1 p. 1 

OZ — CI 1 — Ol 


1 no i /i\ 
106.3 (Z) 


p.-) p 1 1 ui 1 A 

UZ — C 1 1 — H 1 1 A 


linn 
1 1U.U 


p i pi i ni i a 
Ol CI 1 HI 1A 


1 10.0 


/~\1 pi i tti i n 

OZ — Cll — HUB 


110.0 


P1 P11 in i n 

Ol — Cll — H1113 


1 1 n n 
110.0 


TJ1 1 A P11 III ID 

HI 1A — Cll — rll IB 


1 no a 
106.4 


p 1 1 / \~> pi ^ 
CI 1 — OZ — Clz 


113.4 (2) 


m pi i nn a 
OZ — C 1 Z — H 1 ZA 


1 nn £ 

ioy.5 


pn iii ->d 

OZ — C 1 Z — H 1 Zr> 


1 nn £ 


un a pn 1 1 n n 
H1ZA — C1Z — H1ZB 


1 nn £ 

ioy.5 


p.") PIT TT 1 TP 

OZ — C 1 Z — H 1 ZC 


1 nn £ 
lOV.D 


un a pn 1 1 1 ip 
H1ZA — C1Z — H1ZC 


1 nn £ 

ioy.5 


1 1 1 ~> o pn TT 1 TP 

H 1 Zr> — C 1 Z — H 1 ZC 


1 nn £ 

ioy.5 


P/1 pQ pi 

C4 — C3 — CZ 


1 1 o m n\ 
116.03 (iy) 


P/l pq pn 

C4 — C J — C 1 3 


ni a 
121.4 (2) 


PO pq pn 

CZ — C J — C 1 3 


1 in /; /i\ 
120.0 (2) 


PQ pn TT 1 Q A 

C3 — C 1 3 — H 1 3 A 


1 nn £ 

ioy.5 


PQ pn III in 

C3 — C 1 3 — H 1 3r> 


1 nn £ 

ioy.5 


nn a pi i 1 1 1 "i i) 

H 1 3 A — C 1 3 — H 1 3r> 


1 nn £ 

ioy.5 


PQ P1Q TT11P 

C3 — C 1 3 — H 1 3C 


1 nn c 

ioy.5 


nn a pi i iii q p 

H 1 3 A — C 1 3 — H 1 3C 


1 nn c 

ioy.5 


I I 1 Q D P1Q TT1QP 

H13r3 — C13 — H13C 


1 nn £ 

ioy.5 


P Q p /] PC 

C3 — C4 — CD 


1 11 C /1\ 

122.5 (2) 


P Q p /J | I 1 

C3 — C4 — 114 


1 1 o o 
116.6 


PC p/l | I 1 

CD — C4 — 114 


1 1 o o 
116.6 


P/i pc pm 
C4 — C J — C 1 U 


1 1 n k /i n\ 

ny.iD (iy) 


P/i pc p/: 

C4 — CD — Co 


i Ti n /i\ 
122.0 (2) 


Pin pc p/: 
C1U — Cj — Co 


1 1 o n /i\ 
ll6.y (2) 


p-7 p/: pc 

C / — Co — C j 


ni n /i\ 
121.0 (2) 


P*7 PZZ TT£ 

C7 — Co — Ho 


119.5 


C5— C6— H6 


119.5 


C6— C7— C8 


120.4 (2) 


C6— C7— H7 


119.8 


C8— C7— H7 


119.8 


C9— C8— C7 


120.5 (2) 
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p /: a it/; a 

Co A — Ho A 


n mnn 
U.93UU 


CI A PR A 


i .jyy \ i ) 


C7A — H7A 


0.9300 


C8A — C9A 


1.359 (3) 


C8A — H8A 


0.9300 


C9A — CI OA 


1.420 (3) 


C9A — H9A 


0.9300 


pn nn pc 

cy — c i o — C5 


no n p n\ 
lift. 11 (19) 


pn nn p 1 
cy — C 1 0 — C 1 


1 11 *7 £. ( 1 Q\ 

ill. lb (lo) 


pc nn p 1 
CD — C 1 0 — C 1 


1 1 n 11/1 o\ 
119. 1Z (lo) 


PI A P1 A P] ft 4 

C2 A — C 1 A — C 1 OA 


| 1 o on p pi\ 

llo.oo (19) 


pi a n a p 1 
C2 A — C 1 A — C 1 


1 in 1 o / 1 o\ 
1ZU.19 (19) 


nftA p 1 a p 1 
C10A — CIA — CI 


1 in m ( 1 h\ 
1ZU.93 (1 /) 


r\ | A PI A P 1 A 

Ul A — C2A — CIA 


1 i r ~ir\ p. n\ 

llD. /U (19) 


P. 1 A pi a pi a 

U 1 A — C2 A — Co A 


in nc ( 1 n\ 
1Z3.1D (19) 


pi A pit pi * 

C 1 A — C2A — Co A 


111 i /i\ 
LlL.l <Z) 


pi a m a pi i t 
C2A — Ul A — CI 1A 


1 1 n i o /i n\ 
119.18 (19) 


PI A PI 1 A P1 A 

U2A — Cll A — U1A 


1111 /1\ 

H3.3 (2) 


P.1 A P| | A [TUP 

U2A — Cll A — H11C 


1 no n 
106.y 


P.1 A P11A U11P 

Ul A — CI 1 A — HI 1C 


1 no n 

106. y 


PI A pi | a ui m 

U2A — CI 1 A — HI ID 


1 no n 
106.y 


P1 A pi i a ui m 
Ul A — CI 1 A — HI ID 


1 no n 
106.y 


unp pi i a ui in 
HI 1C — CI 1A — HI ID 


1 n"7 "7 
10/./ 


P11A PI A PITA 

Cll A — U2A — C12A 


1 1 a n 
H4.0 (Z) 


PI A P1 1 A TT1 in 

U2 A — C 1 2 A — H 1 ZD 


1 nn c 

ioy.5 


PI A PI 1 A ui ic 

U2 A — C 1 2 A — H 12b 


1 nn c 

ioy.5 


ui on pita ui 
H 1 ZD — C 1 2A — H 1 2b 


1 nn c 

ioy.5 


PI A P11A 111 ITT 

U2A — C12A — H12r 


1 nn c 

ioy.5 


unn piia ui ic 
H 1 ZD — C 1 2A — H 1 2r 


1 nn c 

ioy.5 


ui pn a ui 1C 
H 1 2b — C 1 2 A — H 1 2r 


1 nn c 

ioy.5 


P/1 A PI A PI A 

C4A — C3A — C2A 


i in i /i\ 
120.1 (2) 


P/l A PI A Ul A 

C4A — C3A — H3A 


1 in n 
120.0 


PI A PI A Ul A 

C2A — C3A — H3A 


1 in n 
120.0 


PI A P/l A PC A 

C3A — C4A — C5A 


111 c /1\ 

121.5 (2) 


PI A P/l A U/l A 

C3A — C4A — H4A 


1 1 n i 

i iy.3 


PC A P/l A U/1 A 

C5A — C4A — H4A 


1 1 n i 

1 iy.3 


P/l A PC A p/; A 

C4A — C5A — CoA 


1 ii i /i\ 
122.3 (Z) 


PA A PC A P1AA 

C4A — C5 A — C 1 OA 


1 1 o c /1\ 

116.5 (Z) 


p/;a pca PinA 
CoA — C5 A — C 1 OA 


i i n i /i\ 
liy.3 (Z) 


P"7 A P/; A PC A 

C /A — CoA — C5 A 


111 1 /i\ 
121.1 (Z) 


PI A P/; A U£ A 

C /A — CoA — HoA 


1 1 n a 

ny.4 


pc a p/; a u/; a 
C5A — CoA — HoA 


1 1 n a 

ny.4 


P/; A P"7 A PO A 

CoA — C / A — C8A 


1 in n /i\ 
120.0 (Z) 


P/I A P"7 A TT1 A 

CoA — C / A — H / A 


120.0 


C8A — C7A — H7A 


120.0 


C9A — C8A — C7A 


120.6 (2) 


C9A — C8A — H8A 


119.7 


C7A — C8A — H8A 


119.7 


C8A — C9 A — C 1 OA 


121.3 (2) 
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C9 — C8 — H8 


119.7 


C7 — C8 — H8 


119.7 


C8 — C9 — CIO 


121.1 (2) 


C8 — C9 — H9 


119.5 


CIO — C9 — H9 


119.5 


pin p 1 po pi 
C 1 U — C 1 — C2 — (J 1 


1 *7C A 1 ( 1 Q\ 

— 1 / J.41 \ v<S) 


P1 A P 1 PI P1 

CIA — CI — C2 — Ol 


4.3 (3) 


pi ^ p 1 pi p-i 
C 1 U — C 1 — C2 — C3 


0.0 (3) 


P1 A n pt pi 
C 1 A — C 1 — C2 — C 5 


1 *7A *7A ( 1 a\ 

l /y. /u (lv) 


pi pi p 1 pi i 
CI — C2 — Ul — CI 1 


A A A 

-y(J.4 (Z) 


pi pi p. 1 p 1 1 
C 5 — C2 — U 1 — C 1 1 


C\A 1 

V4.1 (Z) 


Pt PI pi 1 PT 

C2 — \j 1 — C 1 1 — C*2 


1/1.3 \L) 


pi pii pt pn 
(Jl — CI 1 — U2 — C12 


-oz.o (3) 


pi pi p/i 
C 1 — C2 — C i — C4 


1.4(3) 


A| PI PQ p^ 

U 1 — C2 — C 5 — C4 


1 /o.o (2) 


pi pT pi PI 1 

C 1 — C2 — C i — C 1 j 


— Y 1 1.1 (Z ) 


A| PI PQ P1-> 

U 1 — C2 — C3 — C 1 J 


-1.7 (3) 


PT PI P/1 PC 

C2 — C3 — C4 — CD 


-0.9 (3) 


pi ■> pi p/i pc 
C 1 3 — C 3 — C4 — C5 


1 / / .0 (2) 


PI P/1 PC PI/1 

C3 — C4 C J — C 1 U 


A O (1 \ 

— U.o (3) 


PI P/I PC P/i 

C3 — C4 — CD — Co 


1 *7A C /">\ 

1 /y.j (z) 


p/i pc p/; p"7 
C4 — CD — Co — C / 


1 /o.l (2) 


pin pc p/: p~7 
C 1 U — CD — Co — c / 


1 & fA\ 

-1.6 (4) 


pc p/; p~7 po 
CD — Co — C / — Co 


A A (A \ 

— U.4 (4) 


p/; p"7 po po 
Co — C / — Co — CV 


1.3 (4) 


p~7 po pn pin 
C / — Co — cy — C 1 U 


A 1 (A \ 

-0.3 (4) 


r^Q r^o pin pc 

Co — cy — c i u — c j 


-1.6 (3) 


po pn pm pi 

Co — cy — c i u — c i 


1 *7A 1 

i /y.i \L) 


p/i pc pin pn 

C4 — cd — c i u — cy 


— 1 / 1.1 {!) 


r*t. r^c pin pn 

Co — cd — c i u — cy 


2.5 (3) 


p/1 pc pin p 1 
C4 — CD — C 1 U — C 1 


2.1 (3) 


p/c pc pin pi 

Co — CD — C 1 U — C 1 


1 TO ") /"O 1 * 

—1 /0.2 (2) 


C2— CI— CIO— C9 


177.6 (2) 


CIA— CI— CIO— C9 


-2.2 (3) 


C2— CI— CIO— C5 


-1.7(3) 


CIA— CI— CIO— C5 


178.57 (18) 


C2— CI— CIA— C2A 


-71.2 (3) 



C8A — C9A — H9A 


119.4 


C10A — C9A — H9A 


119.4 


C5 A — C 1 OA — C9 A 


117.73 (19) 


C5 A — C 1 OA — C 1 A 


119.81 (19) 


C9A — C 1 OA — C 1 A 


122.45 (19) 


pin pi p| a pta 
C1U — CI — CIA — C2A 


1 AO £ 

IUo.j (Z) 


PT pi pi a pinA 
C2 — CI — CIA — C1UA 


1 A A £. 

lUy.o (Z) 


pin pi pi a pinA 
C1U — CI — CIA — C1UA 


— /U.D (3) 


pinA P1A PTA p 1 A 

C1UA — CIA — C2A — OlA 


1 /5.4V (lo) 


p| p| A PTA Al A 

CI — CIA — C2A — OlA 


-0.7 (3) 


pinA p 1 A PTA pi A 

C1UA — CIA — C2A — C3A 


-0.2 (3) 


pi p| A PI A PI A 

C 1 — C 1 A — C2 A — C3 A 


1 *7A A /">\ 
— 1 /V.4 {I) 


p 1 A PTA p 1 A P| | A 

CIA — C2A — OlA — C11A 


1 /D.6 {!) 


PI A PI A PI A PI 1 A 

C3 A — C2 A — O 1 A — C 1 1 A 


C C ( A\ 

-5.5 (4) 


PI A PI A PI 1 A PT A 

C2 A — O 1 A — C 1 1 A — 02 A 


— 00. U (3) 


p 1 A P| | A PT A PITA 

Ul A — CI 1 A — 02A — C12A 


/;a £ fi \ 
-oy.O (3) 


P1 A PI A PI A P/1 A 

O 1 A — C2 A — C3 A — C4A 


1 *7A 1 

— l /y.i (z) 


Pi A PI A PI A P/I A 

CIA — C2A — C3 A — C4A 


A C ( A\ 

-0.5 (4) 


PT A PI A P/I A PC A 

C2A — C3A — C4A — CDA 


A C f A\ 

0.5 (4) 


PI A P/1 A PC A P/; A 

C3A — C4A — CDA — C6A 


1 *7A O 

—1 fy.o {I) 


P1A P/IA PCA PinA 

C3 A — C4A — CDA — C 1 U A 


0.2 (3) 


P/1 A PC A P/; A P"7 A 

C4A — CDA — C6A — C /A 


—1 /o.o (Z) 


pinA PCA p/: A P"7 A 

C1UA — CDA — C6A — C/A 


1 1 /"3\ 

1.2 (3) 


PC A P/; A P"7 A PO A 

CDA — C6A — C / A — CoA 


A A ( A\ 
U.U (4) 


p/: A P"7 A PO a pn A 

C6A — C / A — CoA — CyA 


-1.2 (4) 


P"7 A PO a pn A pinA 

C / A — CoA — CyA — C 1UA 


1 "t f A \ 

1.2 (4) 


p/i a pca pinA pn a 
C4A — CDA — C 1 U A — Cy A 


1 /o.o (Z) 


P£A pca pinA pnA 
C6A — CDA — C 1 U A — Cy A 


-1.2 (3) 


pi A pc A PinA r"MA 

C4A — CDA — C 1 U A — C 1 A 


-0.9 (3) 


p/: a pca pinA P1 A 
C6A — CDA — C 1 U A — C 1 A 


1 *7A A*7 / 1 A\ 

l /y.u / (ly) 


POA pnA pinA PCA 

CoA — CyA — C 1 UA — CDA 


A A 

0.0 (3) 


C8A— C9 A— C 1 0 A— C 1 A 


179.7 (2) 


C2A— C 1 A— C 1 0 A— C5 A 


0.9 (3) 


CI— CIA— C10A— C5A 


-179.94 (19) 


C2A — C 1 A— C 1 0 A— C9 A 


-178.8 (2) 


CI— CIA— C10A— C9A 


0.4 (3) 
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